Water pricing and recuperation of the costs of irrigation investment have been litigious issues for many decades in the dry area of Nyanyadzi because the community view irrigation as a development expenditure, financed by donors and the government for backward areas through lowering of food prices and reduction of tariffs. The soaring charges for irrigation water are questioned, as well as, the diminutive percentage of farmers who fundamentally recompense the charges. The failure to institute clear cost recuperation and water pricing methods has threatened the viability and sustainability of irrigation projects in the study area. The study used both qualitative and quantitative research methodologies. The study revealed that where the economy is usually subsidized, convalesce the cost of water delivery is much more complicated and difficult. In the case of establishing user fees, these should be estimated as a percentage of the 'traditional user's capability for payment' derived from irrigation benefits (the net increase in farmers' income as a result of irrigation). Nyanyadzi has an opportunity in irrigation led development, if stakeholders address critical challenges in the planning, design, water delivery and maintenance of its irrigation systems. Since Nyanyadzi faces severe budgetary difficulties in financing irrigation projects, it is obligatory to consider the foundation on which irrigation projects operate and impose the principle of self sustaining. Sustainable methods of irrigation evaluation and collection of fees must be considered in light of Nyanyadzi's economic and technical environment. The research noted that water use efficiency is required in order to maximize the benefits farmers derive from the irrigation projects and extraordinarily high user fees should be avoided in the project development stages, where the payment capability is much less at the beginning than at the maturity stages of irrigation projects.
consideration of the factors that reduce operation and maintenance costs (Tsur and Dinar, 1997) .
Consequently, many projects now represent a heavy financial burden on stakeholders, especially poor farmers, without finding practical solutions for the problem. Therefore, it is importance to give more attention during the design stages of these projects to reducing their operation and maintenance costs to a minimum and devise cost recovery methods which do not further burden stakeholders For sustainability of irrigation projects fee structures have to be equitable, administratively simple, and easily understood by users and those administrating the fee collection. Part of this involves identifying the full range of services and benefits produced by the project and allocating project costs among all beneficiaries ( Gleick, 1997) . In addition, information on the costs of services and benefits derived from the project and on the way project costs are allocated among beneficiaries should be provided to all users.
For a new project or any major improvement in infrastructure, users' ability and willingness to pay should be assessed.
IRRIGATION SCHEMES AND COST-RECOVERY PRINCIPLES
Improving cost recovery clearly involves more than just charging higher fees or spending more on fee collection. The full costs of providing irrigation water can be divided into three categories: direct project costs, environmental costs, and marginal user costs (Johanansson and others, 2002) . Direct project costs are the easiest of the three to measure, and most projects take only direct costs into account in determining cost recovery. Direct costs refer to costs stemming from the process of capturing and delivering irrigation water, which can be broken into fixed costs and variable costs (Howe, 1997; Dinar, 1994) . Fixed costs include all investments in irrigation infrastructures such as building reservoirs and canals and installing meters and pumps, plus depreciation and interest payment on the investment. Higher level administrative costs and some operational and maintenance costs not involved with actual water delivery are also considered fixed costs because they do not vary with the amount of water delivered.
Variable costs consist of the operational and maintenance costs of water delivery, lower level administrative costs (usually temporary labor costs during the time of water delivery), and costs of supplying water, which include conveyance costs, groundwater extraction costs, and costs due to water loss (Maars and Anderson, 1978) . These costs vary with location, water delivery method, irrigation technology, and season.
Environmental costs include soil erosion and damage to the surrounding ecosystem during and after the construction of an irrigation project as well as water logging and salinity problems caused by the International Journal of Politics and Good Governance Volume 4, No. 4.2 Quarter II 2013 ISSN: 0976 -1195 irrigation. However, few irrigation projects in practice include environmental costs as part of their full cost to be recovered. Environmental costs can substantially raise the total costs of many irrigation projects (Bosworth and others, 2002) . After determining which of these costs to include, the next concern is what percentage of total costs should be allocated to farmers. In many cases, who should bear the costs of providing irrigation water is not clear. Whether the farmers should pay the full costs depends on factors including project objectives and the number of beneficiary groups. Irrigation projects serve multiple beneficiaries in two major ways. One case is multipurpose projects; the other is projects involving indirect beneficiaries of the increased agricultural production. Multipurpose water projects are common. Besides supplying irrigation water, projects may also supply water for household and industrial uses as well as providing flood control and hydropower. In Asia, 90 percent of dams for irrigation are multipurpose. In these cases, different users should share the costs in proportion to the services they receive (Berbel and Gomez-Limon 2008) .
There are three common methods for allocating costs among users: the use of facilities (UOF), alternative justifiable expenditures (AJE) and Separate Costs, Remaining Benefits (SCRB) methods (Gleick, 1992: Leinos and Olivera 2004; Jones 1994)). The first approach, UOF, allocates costs among different types of users sharing the same facility in proportion to the water delivered to each type of user (such as irrigation and domestic water supply). The second approach, AJE, allocates joint costs based on remaining benefits after subtracting specific costs, where specific costs refer to costs directly attributable to a single purpose and exclude the costs of a change in project design due to the inclusion of a particular purpose ( Tsur and Dinar, 1998) . AJE is easier to calculate than SCRB because it relies on specific costs rather than separable costs. The third approach, SCRB, is similar to the second one. It assigns costs that serve a single purpose to the benefiting purpose, including the costs of any project design changes required to include the added purpose. The remaining "joint" costs are assigned in proportion to the remaining benefits derived for each type of use after subtracting the separable costs. An irrigation project in Egypt, on the banks of the Nile River provides a good example of how the costs from a multipurpose water project can be allocated among different types of uses or purposes (Easter, 1993) . In projects with large indirect benefits, some of the costs may be allocated to the beneficiaries. For example, in South Africa where the government pursues a low food price policy, food processors and consumers both may benefit more from irrigation improvement projects than farmers. In such cases, subsidizing the project through tax revenue from the benefiting consumers and processors might be an alternative to help fund the project.
International Journal of Politics and Good Governance Volume 4, No. 4.2 Quarter II 2013 ISSN: 0976 -1195 PRICING SCHEME DESIGN To achieve the two primary goals of cost recovery and reduced water use per unit of output in irrigation water management, two key issues must be addressed: firstly there is need to design an effective pricing mechanism based on local conditions and, secondly there is also need, to develop a strategy for obtaining high rates of collection. There are three major methods for water pricing namely area-based pricing, volumetric pricing, and market equilibrium pricing.
Area-Based Pricing
Area-based water charges are fixed charges, based on the area irrigated or supposed to be irrigated. Area based pricing is calculated by dividing the total area irrigated into the operation and maintenance costs of providing irrigation water, which basically follows the average cost pricing principle (Prato, 1998) .
Defining O&M costs is important because the water supply entity may have an incentive to inflate the costs charged to farmers. In addition, the use of irrigated area varies from year to year and season to season. For example, the area irrigated during the wet season is usually much larger than during the dry season.
In addition, the project area is usually larger than the area actually irrigated. Therefore, irrigation officials will need to estimate the area actually irrigated each season. The disadvantage of this pricing method is that, once the irrigated area decision is made, the water charge will have no effect on farmers' water consumption, because the marginal cost of applying additional quantities of water per hectare is zero (Tsur and Dinar, 1998) . Thus, the demand for water is usually higher than it would be under a price or charge that varied by the quantity of water used, and it is likely to lead to overuse of water by farmers near the head of the canal. The advantage is that it is simple to calculate, easy for farmers to understand, and the implementation costs are lower than for volumetric pricing because water deliveries do not have to be measured (Nark and Kalro, 2000) . Also, assuming 100 percent collection rates, charges per hectare, based on average direct cost; result in full recovery of direct costs ( Tsur and Dinar, 1998) . Although it gives farmers no incentive to reduce water use per hectare, it is still widely used in many systems throughout the world due to the simplicity of its implementation. Area-based pricing is appropriate in places where water is not scarce, where crops are not varied, and where meter installation is difficult or costly. However, area-based pricing systems are Until 1982, water fees were managed as administrative fees through fiscal department of governments (Chifamba, 2011) . During the period from 1990 to 1997, water fees were increased annually by $ 40.00 ( Gleick, 1997). Currently water fee standards are determined on the basis of water supply costs. Water fees vary between upstream and downstream canals. The prices also vary according to the different irrigation seasons. Before the peak irrigation season, water fees are discounted. If water demand exceeds the planned quotas, water fees are determined on the basis of a block tariff. Water fees are collected by and accounted for at various management levels. Proposals from the prefecture and county level related to water fee adjustment should be reported to the prefecture government and the farmer burden-reduction office. Once their proposal is accepted, irrigation organizations must give farmers a notice, known as the farmers bearing production fee receipt. Farmers pay their water fees to the township financial department, which submits all water fees to county financial departments. The financial departments later redistribute 60 percent of the water fees back to the prefectures and keep the remaining 40 percent. The prefectures' irrigation divisions reward counties who submit their water fees on time by granting them an extra 11.5 percent of water fees or by sometimes granting them additional funds for water conservancy projects.
FACTORS FOR SUSTAINABILITY OF IRRIGATION PROJECTS IN NYANYADZI Irrigation Water Conservation and Water Conservation
In light of water scarcity, there is need to conservation irrigation water and use water pricing and other mechanisms to reduce water use per hectare. When water metering is not possible, area-crop and areatechnology based water charges should be designed to strengthen farmers' incentive to shift to crops that need less water or to shift to water-saving technologies, or both. This works only if alternative crops and technologies are available and can be adopted without a significant drop in net farm income. Where feasible, water markets should be encouraged as a means of improving water allocation as well as water conservation. One clear advantage of water markets is the flexibility they provide for moving water to
higher valued uses while, in most cases, leaving both buyers and sellers better off. A number of countries, such as Chile, the U.S. West, Spain, and Australia have made effective use of water markets, with positive outcome (World Bank, 1997) .
Public awareness, education, and training programs should be used in water-scarce regions to make farmers fully aware of the economic value of water and the need to use it judiciously. This has been done in a number of projects including the ones in Awati (China), Katepara (India), Yangtze (China), and Egypt (Dinar, 1994) . In other words, users need to understand the importance of conserving water.
Farmers will also need training and technical assistance to switch to better irrigation cropping practices and technologies. Special training programs will be needed before the irrigation water is made available where irrigation is being introduced for the first time.
There are two key steps in cost recovery in Nyanyadzi irrigation schemes: the first is to design a pricing mechanism that covers the appropriate costs; the second is to achieve high collection rates through effective water management. The design involves working with Zimbabwe National Water Authority (ZINWA) and farmers to determine what should be included in the costs, and which of these costs should be collected through a water fee rather than through other taxes such as a land tax or a local property tax.
Once this decision is made, setting the appropriate fee level becomes an accounting problem influenced by the type of irrigation system and ability to measure and monitor water use. When the volume of water delivered cannot be measured, water charges are usually based on some measure of area irrigated.
Sometimes the area-based charges are adjusted to account for crops grown and season of the year. Even if the appropriate water charge is determined, the more difficult step still remains: achieving high collection rates.
A key to achieving high collection rates in Nyanyadzi hinges on financial autonomy. Without autonomy, collecting sufficient funds from users does not guarantee improved O&M services because revenues from water charges, in many cases, do not go back to the project. Instead, they are commingled with other taxes in the central treasury, as in India. This probably explains why Jones (1995) found that, in many projects, there is no direct relation between water charges and the service quality. Shifting irrigation project management to a financially autonomous organization-it does not matter whether it is a government agency, a local water user organization, or a private entity-will create a financial incentive for improving irrigation services. Better services will give farmers an incentive to pay their fees as well as an increased ability to pay because better service usually means higher farm incomes. Financial autonomy International Journal of Politics and Good Governance Volume 4, No. 4.2 Quarter II 2013 ISSN: 0976 -1195 can be an important key to improved irrigation water management by providing a positive feedback system through a direct financial link between farmers and the water suppliers (Young, 1985) .
Financial autonomy ensures that revenue from water charges will revert to the project. Service providers no longer receive subsidies from the central government, which means they have to collect water fees from users to recover their costs. In such cases, they are likely to create incentives to achieve high fee collection rates. Some suppliers strictly enforce penalties against payment defaulters. In Bayi Irrigation District, China, payment defaulters' irrigation water is cut off until they pay their debts (Johnson and others, 1996) . In Shangdong, China, the use of integrated circuit (IC) machines insures that farmers cannot obtain irrigation water without paying. Farmers must purchase a prepaid IC card to operate the IC machine that measures and controls the water release (Zhang and others, 2003) . These are practical examples of best practices which can also be implemented in the study area. In this case, although financial autonomy is not mentioned, using IC machines is an innovative way to collect charges, which gives farmers full control over water use and also effectively enforces payment collection. This system reduced water use per hectare and achieved 100 percent collection rates at the same time.
COST SAVING THROUGH REDUCING WATER USE
To encourage farmers to use less irrigation water per hectare, water charges have to be related to the amount of water that farmers receive. Thus, volumetric water pricing should be considered when reducing water use per hectare is the major concern. In cases of high volumetric measurement costs, area-crop or area-technology based pricing methods can be considered as a second best approach if they can be designed to influence water use, as discussed above (Tsur and Dinar, 1998) . There are two general approaches to reducing water demand through pricing. One is to set the per unit price high enough so that farmers use less water on existing crops, which is essentially a movement along the negatively sloping demand curve. The second approach is to shift the entire demand curve by inducing farmers to change crops or irrigation technology, or both.
A number of studies of individual crops suggest that irrigation water demand is quite inelastic. In Tunisia, the price elasticity of water demand was estimated to range from -0.03 in the Northeast and -0.007 in the Center-West to -0.27 in the Northwest and -0.34 in the South (Young and others, 1982) . The two former areas that have very inelastic water demands produce high-value crops under controlled water conditions (fruit trees, vegetables, plastic-covered agriculture irrigated with modern technologies) (Cackmak, 2000) .
In such cases, water prices have to increase substantially before they will significantly reduce water ISSN: 0976 -1195 demand. In the process, farmers' income will be adversely affected. In parts of Spain, some estimates suggest that farmers' incomes would need to fall by 25 to 40 percent before an increase in the price of water would lead to significantly lower water consumption (Berbel and Gomez-Limon, 2000) . In a case in Iran, water prices would have to be raised from $4/1,000m3 to $20/1,000m3 to significantly reduce demand (Perry 2001).
Such a large increase in the price of water may not be politically acceptable. In addition, farmers must have alternative choices to be able to reduce water use per hectare. Therefore, an increase in per unit water price may not be an effective way to reduce demand if alternative crops and technologies are not readily available and water price elasticity of demand are low. Yet, Dinar (2004) found own-price elasticity of agricultural water demand ranging from -0.275 to -0.415 in California's San Joaquin Valley.
They found the indirect effects to account for only 17 percent of the change in water use. In other words, just reducing water use on the existing crops was more important than changing to water-conserving crops or to improved technology. Their study suggests that movements along the demand curve result in significant water savings. Thus, whether a water price increase will significantly reduce demand has to be determined and then, if it does, whether it is due to a movement along the demand curve or a shift in the demand curve. In cases of very inelastic demand, policies and practices that shift the demand curve to reduce water use should be used.
Supporting institutions
To shift the demand, alternative choices of crops or technology have to be available. A shift to a less water-consuming crop or to a water-saving technology can move farmers to a significantly lower level of water use. If there is a wide variety of crops to choose from, policymakers can use either area-crop-based pricing or increase the per unit volumetric price to induce a shift to crops that use less water. The same strategy can be applied to an irrigation technology shift. The pricing mechanism can be either volumetric or area-technology based. The price increase will be even more effective if combined with other policy interventions such as providing positive supports or taking back subsidies that encourage lavish water use.
Low-interest loans for new equipment and technical assistance will help encourage farmers to adopt appropriate water-saving technology. In Gujarat, India, electricity used by tube wells is charged at a fixed rate per month and is heavily subsidized (Easter, 1993) . Therefore, electricity charges do not include any charge for the marginal cost of pumping groundwater. In this case, the government should eliminate the electricity subsidies, which have been encouraging overuse of groundwater, and charge for electricity based on the amount of electricity used. The resulting increase in pumping costs would encourage farmers International Journal of Politics and Good Governance Volume 4, No. 4.2 Quarter II 2013 ISSN: 0976 -1195 to use less groundwater per hectare and save more for future use. However, under certain conditions, with high enough electricity prices, farmers may move from electricity-operated pumps to diesel-operated pumps (Dinar 1994).
Quotas
Besides using pricing tools, there are several other means to reduce water demand. One is to use a water quota. A quota system is generally used to define the quantity of water that can be used in a given time period, by whom, and for what purpose (Naik and Kalro, 2000) . When water users are not responsive to water price changes, a quota can be effective in reducing water consumption by creating a high shadow price. The implementation costs of quota systems can be high because the quantity of water that goes to each farm must be controlled. There are different ways of implementing a quota system. First would be a fixed quota system for groundwater pumping with a specified annual rate of extraction in proportion to the land area of each water user.
A second approach would be a fixed allocation of water shares to different canals and water users sharing water from the same canal. The fixed shares or quotas could also be allocated to WUAs (Dinar and Mody 2004) . For example, in Maharastra, India, the WUA receives 0.77, 0.86, and 0.62 million cubic meters of water during winter, dry, and summer seasons, respectively. They can also draw on any unused water quota from the previous season in the current season (Naik and Karlo 1998).
Service Contracts
Another way of reducing water use per hectare is to provide assurance that water will be delivered on time and in the amount demanded. If this is done, farmers will not have an incentive to store water on their field by over irrigating. Since system reform in Katepurna, India, for example, farmers no longer flood their fields in the dry season and often do not irrigate in the monsoon season because irrigation scheduling is planned ahead according to water requirements and soil type (Jones, 1995) . Farmers no longer have to irrigate in the monsoon season just so that they will have adequate soil moisture for the dry season crop. Farmers now have an adequate and timely water supply, resulting in reduced water use per hectare. Not only are they saving 7.7 million m3 annually, but they also expanded the irrigated area from Education A third effective mechanism for reducing water use can be public education campaigns to make farmers aware of water scarcity and convince them it should be treated like an economic commodity. This is especially important in places where people traditionally view water as a free good and a basic right. In many projects, public education programs, combined with price increases, have been effective. In Brazil, the formation of a WUA and the need for efficient water utilization were promoted through newspapers, radio, exhibitions, pamphlets, and posters. Slogans on participatory irrigation management and efficient water use were written on compound walls, canal structures, offices, and public buildings (Young, 1985) .
To motivate irrigators, cultural groups were formed from department staff members and cultural programs (e.g., songs, drama) were arranged at the village level (Dinar, 1994) . This helped motivate irrigators by improving the community understands of the value and importance of irrigation water. Nyanyadzi can still adopt this system because it is not expensive and it has the potential to disseminate information faster.
Incentives
Incentives can also be used to induce service providers to reduce conveyance loss. In some irrigation projects, conveyance loss is more than 40 percent of the total amount of water delivered. The most effective incentive is financial autonomy. If the service providers are completely responsible for the project and fee collection, they will try to reduce water losses so that they have more water to sell, as happened in the Yangtze Basin, China (Maass and Anderson, 1978) . When the major objective is to reduce water use, a combination of incentives should be used, not just higher water prices. Even if water cannot be metered effectively, other actions can be taken to help reduce overuse of irrigation water, including crop-based water fees.
CONCLUSIONS AND RECOMMENDATIONS
There is no one easy means to improve water pricing system and cost recovery. However, many countries have greatly improved cost recovery through basic irrigation reforms. The reforms varied with the irrigation system type, management structure, government policies, and institutional arrangements. As competition for water increases in Nyanyadzi, the irrigation sector must manage its water supplies more efficiently. Farmers' response to water pricing system depends on a variety of endogenous (crop mix) and exogenous conditions (water supply, reliability, existing water institutions, prices of other inputs and availability of appropriate technology). Farmers' participation in decision making is also central to the International Journal of Politics and Good Governance Volume 4, No. 4.2 Quarter II 2013 ISSN: 0976 -1195 
